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(54) ENERGY STORAGE APPARATUS AND ENERGY STORAGE APPARATUS CONTROL METHOD

(57) This application provides an energy storage ap-
paratus and a control method thereof. The energy stor-
age apparatus includes a battery, a DC/DC conversion
circuit, a controller, a first branch, and a second branch.
The battery is connected to a first end of the DC/DC con-
version circuit, the first branch and the second branch
are connected in parallel between a first end of a power
converter and a second end of the DC/DC conversion
circuit, and impedance of the first branch is less than that

of the second branch. A first end of a power conversion
circuit is connected in parallel to a first capacitor, the con-
troller controls, based on a difference between a voltage
of the energy storage apparatus and a voltage of the
power converter, the first branch and the second branch
to be connected or disconnected, to implement soft-start
of the energy storage apparatus or the power converter.
This improves reliability and efficiency of the soft-start of
the energy storage apparatus and the power converter.
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Description

TECHNICAL FIELD

[0001] Embodiments of this application relate to the
field of electronic circuits, and specifically, to an energy
storage apparatus and an energy storage apparatus con-
trol method.

BACKGROUND

[0002] Currently, an energy storage system includes
an energy storage apparatus and an inverter. In an actual
use process, because the energy storage apparatus and
the inverter may not be powered on at the same time, a
soft-start circuit needs to be disposed between the in-
verter and the energy storage apparatus to implement
soft-start of the inverter or the energy storage apparatus.
Therefore, how to improve reliability and efficiency of the
soft-start circuit becomes an urgent problem to be re-
solved.

SUMMARY

[0003] Embodiments of this application provide an en-
ergy storage apparatus and an energy storage apparatus
control method. The energy storage apparatus includes
a soft-start circuit, the soft-start circuit includes a first
branch and a second branch, and the soft-start circuit
implements soft-start of a power converter or the energy
storage apparatus based on a difference between a volt-
age of the power converter and a voltage of the energy
storage apparatus . This improves reliability and efficien-
cy of the soft-start of the energy storage apparatus and
the power converter.
[0004] According to a first aspect, this application pro-
vides an energy storage apparatus. The energy storage
apparatus includes a battery, a DC/DC conversion circuit,
a controller, a first branch, and a second branch. The
battery is connected to a first end of the DC/DC conver-
sion circuit, the first branch and the second branch that
are connected in parallel between a first end of a power
converter and a second end of the DC/DC conversion
circuit, impedance of the first branch is less than that of
the second branch, and a first end of the power converter
is connected in parallel to a first capacitor; the controller
is configured to: in response to that a difference between
a voltage at the second end of the DC/DC conversion
circuit and a voltage at the first end of the power converter
is greater than or equal to a first voltage threshold, control
the second branch to be connected, so that the energy
storage apparatus charges the first capacitor through the
second branch; and in response to that the difference
between the voltage at the second end of the DC/DC
conversion circuit and the voltage at the first end of the
power converter is less than or equal to a second voltage
threshold, control the second branch to be disconnected
and the first branch to be connected, where the first volt-

age threshold is greater than the second voltage thresh-
old.
[0005] In this application, the first capacitor is config-
ured to stabilize a direct current voltage input to the power
converter or output by the power converter, and filter out
high-frequency noise. The first end of the power convert-
er is connected in parallel to the first capacitor, so that
quality of electric energy input to the power converter can
be improved, and damage to the power converter caused
by an excessively large voltage or current input to the
power converter can be prevented. Two branches with
different impedance are disposed, so that when the en-
ergy storage apparatus is powered on first, the first ca-
pacitor connected in parallel to the power converter side
is first charged through the second branch with larger
impedance. In this way, a voltage at the power converter
side does not suddenly change. When the voltage at the
power converter side is close to a voltage of the DC/DC
conversion circuit, the second branch is disconnected,
the first branch with smaller impedance is connected,
and the energy storage apparatus outputs electric energy
to the power converter through the first branch. This re-
duces an electric energy loss and improves efficiency
and security of the soft-start.
[0006] In a possible implementation, the first branch
and the second branch form a soft-start circuit, and the
soft-start circuit is connected between the power con-
verter and the DC/DC conversion circuit in the energy
storage apparatus. The first branch includes a first
switch, the second branch includes a second switch, a
diode, and a first resistor, and a conduction direction of
the diode is from the power converter to the DC/DC con-
version circuit; and the first switch is connected between
the DC/DC conversion circuit and the power converter,
the second switch and the diode are connected in parallel
to form a parallel circuit, the parallel circuit is connected
between the DC/DC conversion circuit and the power
converter, and the first resistor is connected between the
parallel circuit and the DC/DC conversion circuit. The
controller is configured to: control the first switch to be
turned on or turned off to connect or disconnect the first
branch, and control the second switch to be turned on or
turned off to connect or disconnect the second branch.
When the energy storage apparatus is started normally
(that is, the energy storage apparatus is powered on first),
and the power converter is in a to-be-started state, the
second end of the DC/DC conversion circuit outputs elec-
tric energy. In this case, a difference between the voltage
at the second end of the DC/DC conversion circuit and
a voltage of the power converter is large (that is, greater
than or equal to the first voltage threshold), and the con-
troller controls the second switch to be turned on, so that
the second branch is connected, and the energy storage
apparatus outputs electric energy to the power converter
through the second branch. Because the first resistor ex-
ists, the voltage at the first end of the power converter
does not suddenly increase, thereby avoiding a sudden
voltage change. When the electric energy output by the
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energy storage apparatus to the power converter through
the second switch and the branch where the first resistor
is located enables the voltage at the first end of the power
converter close to the voltage at the second end of the
DC/DC conversion circuit (that is, the difference between
the voltage at the second end of the DC/DC conversion
circuit and the voltage at the first end of the power con-
verter is less than or equal to the second voltage thresh-
old), it indicates that the soft-start succeeds. In this case,
the controller controls the second switch to be turned off
and the first switch to be turned on, so that the second
branch is disconnected, the first branch circuit is con-
nected, the energy storage apparatus outputs electric
energy to the power converter through the first branch,
and the entire system works normally. Based on this so-
lution, when the energy storage apparatus performs soft-
start on the power converter, it is ensured that the voltage
at the first end of the power converter does not suddenly
change, thereby ensuring safe start of the power con-
verter.
[0007] The energy storage apparatus is connected to
the power converter, and the power converter is config-
ured to perform power conversion on the electric energy
output by the energy storage apparatus and output the
converted electric energy to an external load or a power
grid, or perform power conversion on electric energy out-
put by the power grid and output the converted electric
energy to the energy storage apparatus. When the en-
ergy storage apparatus needs to be restarted when being
faulty or when the energy storage apparatus needs to be
restarted after being normally shut down, the energy stor-
age apparatus may be restarted in a black start mode,
and the energy storage apparatus may further supply
power to an inverter through the soft-start circuit.
[0008] It should be understood that, in this application,
the difference between the voltage at the second end of
the DC/DC conversion circuit and the voltage at the first
end of the power converter is a difference obtained by
subtracting the voltage at the first end of the power con-
verter from the voltage at the second end of the DC/DC
conversion circuit.
[0009] In a possible implementation, the second end
of the DC/DC conversion circuit is connected in parallel
to a second capacitor. When a difference obtained by
subtracting the voltage at the second end of the DC/DC
conversion circuit from the voltage at the first end of the
power converter is greater than or equal to a third voltage
threshold, the power converter charges the second ca-
pacitor through the second branch; and the controller is
further configured to: in response to that the difference
obtained by subtracting the voltage at the second end of
the DC/DC conversion circuit from the voltage at the first
end of the power converter is less than or equal to a fourth
voltage threshold, control the first branch to be connect-
ed, where the third voltage threshold is greater than the
fourth voltage threshold.
[0010] Two branches with different impedance are dis-
posed, so that when the power converter is powered on

first, the second capacitor connected in parallel to the
DC/DC conversion circuit side is first charged through
the second branch with larger impedance. In this way,
the voltage at the DC/DC conversion circuit side does
not suddenly change. When the voltage at the power
converter side is close to the voltage of the DC/DC con-
version circuit, the first branch with smaller impedance
is connected, and the power converter outputs electric
energy to the energy storage apparatus through the first
branch. This reduces the electric energy loss and im-
proves efficiency and security of the soft-start. The soft-
start circuit provided in this application may further im-
plement soft-start of the energy storage apparatus by the
power converter. When the power converter is powered
on first, and the energy storage apparatus is in the to-
be-started state, the voltage at the first end of the power
converter is greater than the voltage at the second end
of the DC/DC conversion circuit (that is, the difference
obtained by subtracting the voltage at the second end of
the DC/DC conversion circuit from the voltage at the first
end of the power converter is greater than or equal to the
third voltage threshold), and the power converter outputs
a voltage to charge the second capacitor through the
diode and the first resistor. Because the first resistor ex-
ists, the voltage at the second end of the DC/DC conver-
sion circuit does not suddenly increase, thereby avoiding
the sudden voltage change, and ensuring safe start of
the energy storage apparatus. The second capacitor con-
nected in parallel to the second end of the DC/DC con-
version circuit may smooth a direct current voltage input
to the DC/DC conversion circuit, filter out high-frequency
noise, and improve quality of electric energy input to the
DC/DC conversion circuit. When the power converter
charges the second capacitor through the second branch
until the voltage at the second end of the DC/DC conver-
sion circuit is close to the voltage at the first end of the
power converter (that is, the difference obtained by sub-
tracting the voltage at the second end of the DC/DC con-
version circuit from the voltage at the first end of the power
converter is less than or equal to the fourth voltage
threshold), it indicates that the soft-start succeeds. In this
case, the controller controls the first switch to be turned
on, so that the first branch is connected, the power con-
verter transmits electric energy to the energy storage ap-
paratus through the first branch, and the entire system
works normally. In this solution, bidirectional soft-start
between the power converter and the energy storage ap-
paratus is implemented by using the soft-start circuit. The
soft-start circuit has a simple structure, and control logic
is simple and efficient, thereby reducing soft-start costs
and improving soft-start efficiency.
[0011] In a possible implementation, the controller is
further configured to: in response to that the voltage at
the first end of the power converter is continuously less
than a fifth voltage threshold in a first time period, control
the second branch to be disconnected, that is, to turn off
the second switch.
[0012] In a case in which the energy storage apparatus
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is powered on first, when a short-circuit fault exists in the
power converter, two connection points at the first end
of the power converter are directly connected, and con-
sequently the voltage at the first end of the power con-
verter cannot be increased (that is, the voltage at the first
end of the power converter is continuously less than the
fifth voltage threshold in the first time period). In this case,
to avoid the fault of the power converter affects the energy
storage apparatus, the controller controls the second
switch to be turned off and terminates soft-start, thereby
ensuring safety of the energy storage apparatus.
[0013] In a possible implementation, the energy stor-
age apparatus further includes a voltage detection circuit,
and the voltage detection circuit is configured to detect
the voltage at the second end of the DC/DC conversion
circuit and the voltage at the first end of the power con-
verter, and output a voltage detection result to the con-
troller.
[0014] In a possible implementation, the energy stor-
age apparatus includes the power converter, the first end
of the power converter is connected to the second end
of the DC/DC conversion circuit, and the power converter
is configured to convert a direct current output by the
DC/DC conversion circuit into an alternating current, and
output the alternating current to the power grid or the
external load.
[0015] In a possible implementation, the power con-
verter is configured to convert an alternating current out-
put by the power grid into a direct current, and output the
direct current to the DC/DC conversion circuit.
[0016] In a possible implementation, the power con-
verter is configured to perform boost or buck processing
on the direct current output by the DC/DC conversion
circuit, and then output the direct current to the external
load; or the power converter is configured to perform
boost or buck processing on a direct current output by
an external power supply, and then output the direct cur-
rent to the DC/DC conversion circuit.
[0017] According to a second aspect, this application
further provides an energy storage apparatus control
method. The control method includes: obtaining a voltage
at a first end of a power converter and a voltage at a
second end of a DC/DC conversion circuit, where a bat-
tery is connected to a first end of the DC/DC conversion
circuit, a first branch and a second branch are connected
in parallel between the first end of the power converter
and the second end of the DC/DC conversion circuit, and
impedance of the first branch is less than that of the sec-
ond branch; when a difference between the voltage at
the second end of the DC/DC conversion circuit and the
voltage at the first end of the power converter is greater
than or equal to a first voltage threshold, controlling the
second branch to be connected, so that the battery charg-
es a first capacitor through the second branch; and when
the difference between the voltage at the second end of
the DC/DC conversion circuit and the voltage at the first
end of the power converter is less than or equal to a
second voltage threshold, controlling the second branch

to be disconnected and the first branch to be connected,
where the first voltage threshold is greater than the sec-
ond voltage threshold.
[0018] In a possible implementation, the control meth-
od further includes: when the difference between the volt-
age at the first end of the power converter and the voltage
at the second end of the DC/DC conversion circuit is less
than or equal to a fourth voltage threshold, controlling
the first branch to be connected.
[0019] In a possible implementation, the control meth-
od further includes: when the voltage at the first end of
the power converter is continuously less than a fifth volt-
age threshold in a first time period, controlling the second
branch to be disconnected.
[0020] For beneficial effects of the second aspect and
the possible implementations of the second aspect, refer
to the descriptions in the first aspect. Details are not de-
scribed herein again.

BRIEF DESCRIPTION OF DRAWINGS

[0021]

FIG. 1 is a schematic diagram of an application sce-
nario according to an embodiment of this application;
FIG. 2 is a schematic diagram of a structure of an
energy storage apparatus according to an embodi-
ment of this application;
FIG. 3 is a schematic diagram of an energy storage
apparatus according to an embodiment of this appli-
cation; and
FIG. 4 is a schematic diagram of an energy storage
apparatus control method according to an embodi-
ment of this application.

DESCRIPTION OF EMBODIMENTS

[0022] The following describes the technical solutions
in this application with reference to the accompanying
drawings.
[0023] The following describes embodiments of this
application in detail. Examples of embodiments of this
application are shown in the accompanying drawings. In
the accompanying drawings, same or similar reference
numerals represent same or similar elements or ele-
ments having same or similar functions. Embodiments
described below with reference to the accompanying
drawings are examples, and are merely used to explain
this application, but cannot be understood as a limitation
on this application.
[0024] The terms "first", "second", "third", "fourth", and
the like (if any) in this application are intended to distin-
guish between similar objects but do not necessarily in-
dicate a specific order or sequence. It should be under-
stood that the data termed in such a way are interchange-
able in proper circumstances so that embodiments of this
application described herein can be implemented in other
orders than the order illustrated or described herein.
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[0025] Unless otherwise defined, a technical term or
scientific data used herein should have a general mean-
ing understood by a person of ordinary skill in the art of
this application.
[0026] To make the technical problems to be resolved,
the technical solutions used, and the technical effects
achieved in this application clearer, the following further
describes the technical solutions in embodiments of this
application in detail with reference to the accompanying
drawings. Apparently, the described embodiments are
merely some but not all of embodiments of this applica-
tion.
[0027] FIG. 1 is a schematic diagram of an application
scenario according to an embodiment of this application.
This application may be applied to a scenario in which a
circuit in which bidirectional power flow is performed
needs to be used. The bidirectional power flow means
that a power flow direction between devices can be
changed.
[0028] As shown in FIG. 1, an application scenario 100
in FIG. 1 includes a power generation device, an alter-
nating current power grid, a power converter, and an en-
ergy storage apparatus. The power generation device
may output electric energy to the alternating current pow-
er grid and the energy storage apparatus through the
power converter. The alternating current power grid may
receive electric energy from the power generation device
and the energy storage apparatus through the power
converter, and may also output electric energy to the en-
ergy storage apparatus through the power converter. The
energy storage apparatus may receive electric energy
from the power generation device and the alternating cur-
rent power grid through the power converter, and may
also output electric energy to the alternating current pow-
er grid through the power converter.
[0029] For example, the application scenario 100 may
be a scenario including new energy. Specifically, the ap-
plication scenario 100 may include photovoltaic power
generation, wind power generation and a combination
thereof, and another new energy scenario. This is not
limited in this application.
[0030] The power converter may include a DC/AC con-
verter, which implements direct current/alternating cur-
rent conversion and converts a direct current into an al-
ternating current; or may include an AC/DC converter,
which implements alternating current/direct current con-
version and converts an alternating current into a direct
current; or may include a DC/DC conversion circuit,
which implements direct current/direct current conver-
sion and performs boost or buck on the direct current.
[0031] In a possible implementation, the power con-
verter converts a direct current from the power generation
device into an alternating current and transmits the alter-
nating current to the alternating current power grid.
[0032] In a possible implementation, the power con-
verter converts an alternating current from the alternating
current power grid into a direct current and transmits the
direct current to the energy storage apparatus.

[0033] In a possible implementation, the power con-
verter boosts or bucks the direct current from the power
generation device and transfers the direct current to the
energy storage apparatus, or the power converter boosts
or bucks a direct current output by the energy storage
apparatus and transfers the direct current to an external
load.
[0034] The energy storage apparatus may be config-
ured to perform charging or discharging. Specifically, if
energy yield of the power generation device is higher
than power consumption required by the alternating cur-
rent power grid or is in a power consumption valley of
the alternating current power grid, the energy storage
apparatus performs charging and stores electric energy
from the power generation device or the alternating cur-
rent power grid; or if the energy yield of the power gen-
eration device is lower than the power consumption re-
quired by the alternating current power grid or is in a
power consumption peak of the alternating current power
grid, the energy storage apparatus performs discharging
and releases electric energy to the alternating current
power grid.
[0035] In this application, the power generation device
may include one or more of new energy power generation
devices such as a solar photovoltaic panel and a wind
turbine generator. The alternating current power grid is
configured to supply power to an alternating current load.
In a possible implementation, the power generation de-
vice and the energy storage apparatus may directly sup-
ply power to the load through the power converter.
[0036] In the application scenario 100, bidirectional
power flow exists between the energy storage apparatus
and the power converter. In other words, a path for the
energy storage apparatus to output electric energy to the
power converter exists, and a path for the energy storage
apparatus to obtain electric energy from the power con-
verter also exists. Specifically, the power converter may
perform power conversion on the electric energy output
by the energy storage apparatus and output the convert-
ed electric energy to an external load or a power grid, or
perform power conversion on electric energy output by
the power grid and output the converted electric energy
to the energy storage apparatus. In an actual use proc-
ess, because the energy storage apparatus and the pow-
er converter may not be powered on at the same time,
there are mainly the following two cases: In a first case,
the power converter is powered on first, and then a main
power part and an auxiliary power supply of the energy
storage apparatus are powered on; in a second case,
the energy storage apparatus needs to be restarted when
being faulty or the energy storage apparatus needs to be
restarted after being normally shut down, and the energy
storage apparatus is powered on in a black start mode,
that is, the energy storage apparatus is powered on first,
and then the power converter is powered on. When the
energy storage apparatus and the power converter are
not powered on at the same time, if the energy storage
apparatus is directly connected to the power converter,
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a circuit jitter and a large surge current may be caused
due to an excessively large difference between a voltage
of the energy storage apparatus and a voltage of the
power converter, and the energy storage apparatus or
the power converter is damaged. Therefore, to ensure
safety, as shown in FIG. 2, a soft-start circuit needs to
be disposed in the energy storage apparatus, and the
energy storage apparatus may be connected to the pow-
er converter through the soft-start circuit. It may be un-
derstood that the power converter may be located inside
the energy storage apparatus, or may be located outside
the energy storage apparatus. This is not limited in this
application.
[0037] FIG. 2 is a schematic diagram of a structure of
an energy storage apparatus according to an embodi-
ment of this application. An energy storage apparatus
200 includes a power converter, a battery, a soft-start
circuit, a DC/DC conversion circuit, and a controller.
[0038] When the battery and the power converter are
not powered on at the same time, the soft-start circuit
may delay time between power-on time of the power con-
verter and power-on time of the DC/DC conversion circuit
in the energy storage apparatus, to ensure that the power
converter is not directly connected to the DC/DC conver-
sion circuit in the energy storage apparatus within a pe-
riod of time when a jitter is caused by an excessively
large difference between a voltage of the energy storage
apparatus and a voltage of the power converter. After
the voltages of the power converter and the DC/DC con-
version circuit in the energy storage apparatus are stable
and the voltage difference does not cause damage to the
energy storage apparatus and the power converter, the
power converter and the DC/DC conversion circuit in the
energy storage apparatus are directly connected. In ad-
dition, the soft-start circuit may further control a rising
slope and an amplitude of a current between the power
converter and the DC/DC conversion circuit in the energy
storage apparatus, to avoid generating a large surge cur-
rent.
[0039] In this application, the controller and the soft-
start circuit are located on the energy storage apparatus,
and the controller and the soft-start circuit may be pow-
ered by a power supply in the energy storage apparatus.
[0040] In this application, the controller may include a
voltage detection circuit. The voltage detection circuit
may detect a voltage at the DC/DC conversion circuit
side and a voltage at the power converter side, and output
a voltage measurement result to the controller. The con-
troller may also obtain a voltage at the energy storage
apparatus side and the voltage at the power converter
side from another external detection device. A manner
in which the controller obtains the voltage at the DC/DC
conversion circuit side and the voltage at the power con-
verter side is not limited in this application.
[0041] Based on the solution of this application, the
controller may control, based on a difference between
the voltage of the DC/DC conversion circuit and the volt-
age of the power converter, the soft-start circuit to per-

form an action, to ensure that when both the DC/DC con-
version circuit and the power converter are started, the
difference between the voltage of the DC/DC conversion
circuit and the voltage of the power converter is within a
specific range, thereby ensuring security of the DC/DC
conversion circuit and the power converter. The soft-start
circuit implements soft-start of the power converter or the
energy storage apparatus based on voltage values of the
power converter and the energy storage apparatus. This
improves reliability and efficiency of the soft-start.
[0042] FIG. 3 is a schematic diagram of another energy
storage apparatus according to an embodiment of this
application. A controller is not shown in the figure, but it
should be understood that the energy storage apparatus
includes the controller. A battery is connected to a first
end of a DC/DC conversion circuit, a second end of the
DC/DC conversion circuit is connected to a first end of a
soft-start circuit, a second end of the soft-start circuit is
connected to a first end of a power converter, and the
soft-start circuit is controlled by the controller. The soft-
start circuit includes a first branch and a second branch,
and the first branch and the second branch are connected
in parallel between the power converter and the DC/DC
conversion circuit in the energy storage apparatus. The
first branch includes a first switch, the second branch
includes a second switch, a diode, and a first resistor,
and a conduction direction of the diode is from the power
converter to the DC/DC conversion circuit; and the first
switch is connected between the DC/DC conversion cir-
cuit and the power converter, the second switch and the
diode are connected in parallel to form a parallel circuit,
the parallel circuit is connected between the DC/DC con-
version circuit and the power converter, and the first re-
sistor is connected between the parallel circuit and the
DC/DC conversion circuit. The controller is configured
to: control the first switch to be turned on or turned off to
connect or disconnect the first branch, and control the
second switch to be turned on or turned off to connect or
disconnect the second branch. When the energy storage
apparatus is powered on first, and the power converter
is in a to-be-started state, the second end of the DC/DC
conversion circuit outputs electric energy. If a difference
between a voltage at the second end of the DC/DC con-
version circuit and a voltage at the first end of the power
converter is greater than or equal to a first voltage thresh-
old, the controller controls the first switch to be turned off
and the second switch to be turned on, that is, the first
branch is disconnected, and the second branch is con-
nected. The DC/DC conversion circuit transmits electric
energy to the power converter through a first resistor and
the second switch. Because the first resistor exists, a
voltage at the voltage at the first end of the power con-
verter does not suddenly increase, thereby avoiding a
sudden voltage change. If the electric energy output by
the energy storage apparatus to the power converter
through the second switch and the first resistor enables
the difference between the voltage at the second end of
the DC/DC conversion circuit and the voltage at the first
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end of the power converter to be less than or equal to a
second voltage threshold, the controller determines that
the soft-start succeeds, controls the first switch to be
turned on to connect the first branch, and turns off the
second switch to disconnect the second branch, so that
the energy storage apparatus outputs electric energy to
the power converter through the first branch, and the en-
tire system works normally. The first voltage threshold is
greater than the second voltage threshold.
[0043] In this application, the first voltage threshold and
the second voltage threshold may be determined based
on a requirement in an actual use process. Generally, a
value of the second voltage threshold is small to ensure
that the voltage at the first end of the power converter is
close to the voltage at the second end of the DC/DC
conversion circuit. For example, the first voltage thresh-
old and the second voltage threshold are determined
based on safe use voltages of the DC/DC conversion
circuit and the power converter. The first voltage thresh-
old and the second voltage threshold may be preset fixed
values. For example, the first voltage threshold may be
set to 0.5 V, and the second voltage threshold may be
set to 0.1 V. The first voltage threshold and the second
voltage threshold may also be values related to the
DC/DC conversion circuit and the power converter. For
example, the first voltage threshold is 5% of a difference
between rated voltages of the DC/DC conversion circuit
and the power converter, and the second voltage thresh-
old is 1% of a difference between rated voltages of the
DC/DC conversion circuit and the power converter. It
should be understood that a manner of determining the
first voltage threshold and the second voltage threshold
and specific value settings are not limited in this applica-
tion.
[0044] In some examples, when the power converter
is powered on first, if the difference between the voltage
at the first end of the power converter and the voltage at
the second end of the DC/DC conversion circuit is greater
than or equal to the first voltage threshold, the power
converter transmits electric energy to the DC/DC conver-
sion circuit through the first resistor and the diode; or if
the difference between the voltage at the first end of the
power converter and the voltage at the second end of
the DC/DC conversion circuit is less than or equal to the
second voltage threshold, the first switch is controlled to
be turned on. The first voltage threshold is greater than
the second voltage threshold.
[0045] It should be understood that this application is
mainly for a start process of the energy storage apparatus
and the power converter. When the energy storage ap-
paratus is powered on first, it may be considered that the
power converter is not powered on at this time. Similarly,
when the power converter is powered on first, it may be
considered that the energy storage apparatus is not pow-
ered on at this time. In addition, because the first switch
and the second switch are located in the energy storage
apparatus, it may be considered that when the DC/DC
conversion circuit is not powered on, the first switch and

the second switch are in a turn-off state.
[0046] In this application, the first resistor can prevent
a sudden change of a voltage at a first end of a to-be-
started power converter or a voltage at a second end of
a to-be-started DC/DC conversion circuit. A resistance
value of the first resistor may be determined based on a
requirement for a delay of the soft-start circuit in an actual
use process. The delay of the soft-start circuit refers to
a delay in starting the to-be-started device relative to the
device powered on first. When other conditions remain
unchanged, a larger resistance value of the first resistor
indicates a smaller current in the circuit, a slower voltage
change on the to-be-started device, and a longer delay.
On the contrary, a smaller resistance value of the first
resistor indicates a shorter delay. In an actual use proc-
ess, to balance security and stability of the energy stor-
age apparatus, the resistance value of the first resistor
should not be excessively large or too small. A specific
value and calculation of the first resistor are not limited
herein.
[0047] Based on the foregoing solution, when the en-
ergy storage apparatus performs soft-start on the power
converter, it is ensured that the voltage at the first end of
the power converter does not suddenly change, thereby
ensuring safe start of the power converter. In this solution,
the controller can be configured to improve operation pre-
cision of the soft-start circuit, and improve reliability and
efficiency of the soft-start circuit. In addition, when the
energy storage apparatus and the power converter work
normally, current circulation in the soft-start circuit in dif-
ferent cases can be implemented, and the first resistor
is effectively used.
[0048] In addition, when the energy storage apparatus
is first powered on, in this application, the controller may
determine action time of the soft-start circuit by control-
ling time at which the second switch is turned on. This
improves flexibility of the soft-start circuit.
[0049] It should be understood that, in this application,
the difference between the voltage at the second end of
the DC/DC conversion circuit and the voltage at the first
end of the power converter is a difference obtained by
subtracting the voltage at the first end of the power con-
verter from the voltage at the second end of the DC/DC
conversion circuit, and the difference between the volt-
age at the first end of the power converter and the voltage
at the second end of the DC/DC conversion circuit is a
difference obtained by subtracting the voltage at the sec-
ond end of the DC/DC conversion circuit from the voltage
at the first end of the power converter.
[0050] In this application, in a possible implementation,
a first capacitor may be connected in parallel to the first
end of the power converter. When the difference between
the voltage at the second end of the DC/DC conversion
circuit and the voltage at the first end of the power con-
verter is greater than or equal to the first voltage thresh-
old, the controller controls the second switch to be turned
on. In this case, the battery may charge the first capacitor
through the first resistor and the second switch. Because
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the first capacitor is connected in parallel to the first end
of the power converter, a voltage of the first capacitor
may be used to represent the voltage at the first end of
the power converter. When the battery charges the first
capacitor, the voltage of the first capacitor may rise at a
specific rate. Correspondingly, the voltage at the first end
of the power converter may also rise at the specific rate,
thereby avoiding a sudden change of the voltage at the
first end of the power converter.
[0051] The rate at which the voltage rises is determined
by the resistance value of the first resistor. Specifically,
increasing the resistance value of the first resistor reduc-
es a current between the second end of the DC/DC con-
version circuit and the first end of the power converter,
thereby decreasing speed at which the first capacitor is
charged and the rate at which the voltage rises; and de-
creasing the resistance value of the first resistor increas-
es a current between the second end of the DC/DC con-
version circuit and the first end of the power converter,
thereby increasing the speed at which the first capacitor
is charged and the rate at which the voltage rises.
[0052] The first capacitor in this application may stabi-
lize a direct current voltage input to the power converter
or output by the power converter, to filter out high-fre-
quency noise. The first end of the power converter is
connected in parallel to the first capacitor, so that quality
of electric energy input to the power converter can be
improved, and damage to the power converter caused
by an excessively large voltage or current input to the
power converter can be prevented.
[0053] In this application, the second end of the DC/DC
conversion circuit is connected in parallel to a second
capacitor. If the difference obtained by subtracting the
voltage at the second end of the DC/DC conversion circuit
from the voltage at the first end of the power converter
is greater than or equal to a third voltage threshold, the
power converter charges the second capacitor through
the diode and the first resistor; and if the difference ob-
tained by subtracting the voltage at the second end of
the DC/DC conversion circuit from the voltage at the first
end of the power converter is less than or equal to a fourth
voltage threshold, the controller controls the first switch
to be turned on, where the third voltage threshold is great-
er than the fourth voltage threshold. For descriptions of
the third voltage threshold and the fourth voltage thresh-
old, refer to the foregoing descriptions of the first voltage
threshold and the second voltage threshold. Details are
not described herein again. Particularly, the third voltage
threshold should be greater than or equal to a conduction
voltage of the diode, and the fourth voltage threshold may
be the same as or different from the second voltage
threshold. This is not limited herein.
[0054] Because the second capacitor is connected in
parallel to the second end of the DC/DC conversion cir-
cuit, a voltage of the second capacitor may be used to
represent the voltage at the second end of the DC/DC
conversion circuit. When the power converter charges
the second capacitor, the voltage of the second capacitor

may rise at a specific rate. Correspondingly, the voltage
at the second end of the DC/DC conversion circuit may
also rise at the specific rate, to avoid a sudden change
of the voltage at the second end of the DC/DC conversion
circuit. The rate at which the voltage rises is determined
by the resistance value of the first resistor. For a specific
determining manner, refer to related descriptions of the
first capacitor. Details are not described herein. The soft-
start circuit provided in this application may further im-
plement soft-start of the energy storage apparatus by the
power converter. When the power converter is powered
on first, and the energy storage apparatus is in the to-
be-started state, the voltage at the first end of the power
converter is greater than the voltage at the second end
of the DC/DC converter (that is, the difference obtained
by subtracting the voltage at the second end of the
DC/DC conversion circuit from the voltage at the first end
of the power converter is greater than or equal to the third
voltage threshold), and the power converter outputs a
voltage to charge the second capacitor through the diode
and the branch on which the first resistor is located. Be-
cause the first resistor exists, the voltage at the second
end of the DC/DC conversion circuit does not suddenly
increase, thereby avoiding the sudden voltage change,
and ensuring safe start of the energy storage apparatus.
The second capacitor connected in parallel to the second
end of the DC/DC conversion circuit may smooth a direct
current voltage input to the DC/DC conversion circuit,
filter out high-frequency noise, and improve quality of
electric energy input to the DC/DC conversion circuit.
When the power converter charges the second capacitor
through the diode and the branch on which the first re-
sistor is located until the voltage at the second end of the
DC/DC conversion circuit is close to the voltage at the
first end of the power converter (that is, the difference
obtained by subtracting the voltage at the second end of
the DC/DC conversion circuit from the voltage at the first
end of the power converter is less than or equal to the
fourth voltage threshold), it indicates that the soft-start
succeeds. In this case, the controller controls the first
switch to be turned on, the power converter transmits
electric energy to the energy storage apparatus through
the branch on which the first switch is located, and the
entire system works normally. In this solution, bidirec-
tional soft-start between the power converter and the en-
ergy storage apparatus is implemented by using the soft-
start circuit. The soft-start circuit has a simple structure,
and control logic is simple and efficient, thereby reducing
soft-start costs and improving soft-start efficiency.
[0055] In this application, the first switch and the sec-
ond switch are components having a switch function.
Specific forms of the first switch and the second switch
are not limited in this application. For example, the first
switch and the second switch may be transistors, MOS
transistors, or relays. If the first switch and the second
switch are relays, because a resistance value of the relay
is small, heat generated by a switch apparatus can be
reduced, thereby avoiding increasing a heat dissipation
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measure, reducing an area of the soft-start circuit, and
reducing costs.
[0056] Further, in a possible implementation, when the
voltage at the first end of the power converter is contin-
uously less than a fifth voltage threshold in a first time
period, the controller controls the second switch to be
turned off.
[0057] Specifically, in a case in which the energy stor-
age apparatus is powered on first, when a short-circuit
fault exists in the power converter, two connection points
at the first end of the power converter are directly con-
nected, and consequently the voltage at the first end of
the power converter cannot be increased (that is, the
voltage at the first end of the power converter is contin-
uously less than the fifth voltage threshold in the first time
period). In this case, to avoid the fault of the power con-
verter affects the energy storage apparatus, the control-
ler controls the second switch to be turned off and termi-
nates soft-start, thereby ensuring safety of the energy
storage apparatus. The fifth voltage threshold may be
determined based on an actual working status. A manner
of determining the fifth voltage threshold and a specific
value are not limited in this application. For example, the
fifth voltage threshold may be equal to a short-circuit volt-
age of the power converter.
[0058] The foregoing solution can ensure use of the
first resistor during normal operation, and can also pre-
vent the first resistor from being damaged. This improves
reliability and a service life of the soft-start circuit.
[0059] FIG. 4 is a schematic diagram of an energy stor-
age apparatus control method according to an embodi-
ment of this application. An execution body in FIG. 4 may
be a controller of a soft-start circuit, and the controller
may be located in an energy storage apparatus.
[0060] As shown in FIG. 4, the control method includes
the following steps.
[0061] S410: Obtain a voltage at a first end of a power
converter and a voltage at a second end of a DC/DC
conversion circuit, where the DC/DC conversion circuit
is located in the energy storage apparatus.
[0062] For example, the voltage of the power converter
and the voltage of the energy storage apparatus may be
obtained from a voltage detection circuit or a detection
apparatus.
[0063] In a possible implementation, the voltage de-
tection circuit or the detection apparatus is located in the
controller.
[0064] In a possible implementation, the voltage de-
tection circuit or the detection apparatus is not in the con-
troller, but may establish communication with the con-
troller.
[0065] S420: Control, based on a difference between
the voltage of the power converter and the voltage of the
DC/DC conversion circuit, a first branch and a second
branch to be connected or disconnected.
[0066] Specifically, when the difference between the
voltage at the second end of the DC/DC conversion circuit
and the voltage at the first end of the power converter is

greater than or equal to a first voltage threshold, the sec-
ond branch is controlled to be connected, so that a battery
charges a first capacitor through the second branch; and
when the difference between the voltage at the second
end of the DC/DC conversion circuit and the voltage at
the first end of the power converter is less than or equal
to a second voltage threshold, the second branch is con-
trolled to be disconnected and the first branch is control-
led to be connected, where the first voltage threshold is
greater than the second voltage threshold. For specific
control content, refer to descriptions of actions of the soft-
start circuit in FIG. 3. Details are not described herein
again.
[0067] In some examples, the control method further
includes: when the difference between the voltage at the
first end of the power converter and the voltage at the
second end of the DC/DC conversion circuit is less than
or equal to a fourth voltage threshold, controlling the first
branch to be connected.
[0068] In some examples, the control method further
includes: when the voltage at the first end of the power
converter is continuously less than a fifth voltage thresh-
old in a first time period, controlling the second branch
to be disconnected. In this application, when the power
converter and the DC/DC conversion circuit are not start-
ed at the same time, or when the power converter and
the DC/DC conversion circuit are just started, the differ-
ence between the voltage of the power converter and the
voltage of the DC/DC conversion circuit is large.
[0069] It should be noted that, in this application, com-
ponents connected in series on a same branch may ex-
change locations with each other, and implementation of
a function of a drive circuit is not affected. For ease of
description, this application does not show all distribution
cases. However, it should be understood that a case in
which components connected in series on a same branch
exchange a location with each other should also fall within
the protection scope of this application.
[0070] It should be understood that the term "and/or"
in this specification describes only an association rela-
tionship between associated objects and represents that
three relationships may exist. For example, A and/or B
may represent the following three cases: Only A exists,
both A and B exist, and only B exists. In addition, the
character "/" in this specification generally indicates an
"or" relationship between the associated objects.
[0071] A person of ordinary skill in the art may be aware
that, in combination with the examples described in em-
bodiments disclosed in this specification, apparatuses
may be implemented by electronic hardware or a com-
bination of computer software and electronic hardware.
Whether the functions are performed by hardware or soft-
ware depends on particular applications and design con-
straint conditions of the technical solutions. A person
skilled in the art may use different methods to implement
the described functions for each particular application,
but it should not be considered that the implementation
goes beyond the scope of this application.
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[0072] In the several embodiments provided in this ap-
plication, it should be understood that the disclosed sys-
tems and apparatuses may be implemented in other
manners. For example, the described apparatus embod-
iment is merely an example. For example, the apparatus
division is merely logical function division and may be
other division in actual implementation. For example, a
plurality of apparatuses or components may be combined
or integrated into another system, or some features may
be ignored or not performed. In addition, the displayed
or discussed mutual couplings or direct couplings or com-
munication connections may be implemented through
some interfaces, indirect couplings or communication
connections between the apparatuses, or electrical con-
nections, mechanical connections, or connections in oth-
er forms.
[0073] The foregoing descriptions are merely specific
implementations of this application, but are not intended
to limit the protection scope of this application. Any var-
iation or replacement readily figured out by a person
skilled in the art within the technical scope disclosed in
this application shall fall within the protection scope of
this application. Therefore, the protection scope of this
application shall be subject to the protection scope of the
claims.

Claims

1. An energy storage apparatus, wherein the energy
storage apparatus comprises a battery, a DC/DC
conversion circuit, a controller, a first branch, and a
second branch, the battery is connected to a first end
of the DC/DC conversion circuit, the first branch and
the second branch are connected in parallel between
a first end of a power converter and a second end
of the DC/DC conversion circuit, impedance of the
first branch is less than that of the second branch,
and the power converter is connected in parallel to
a first capacitor; and
the controller is configured to:

in response to that a difference between a volt-
age at the second end of the DC/DC conversion
circuit and a voltage at the first end of the power
converter is greater than or equal to a first volt-
age threshold, control the second branch to be
connected, so that the energy storage appara-
tus charges the first capacitor through the sec-
ond branch; and
in response to that the difference between the
voltage at the second end of the DC/DC conver-
sion circuit and the voltage at the first end of the
power converter is less than or equal to a second
voltage threshold, control the second branch to
be disconnected and the first branch to be con-
nected, wherein the first voltage threshold is
greater than the second voltage threshold.

2. The energy storage apparatus according to claim 1,
wherein the second end of the DC/DC conversion
circuit is connected in parallel to a second capacitor,
and when the difference between the voltage at the
first end of the power converter and the voltage at
the second end of the DC/DC conversion circuit is
greater than or equal to a third voltage threshold, the
power converter charges the second capacitor
through the second branch; and
the controller is further configured to: in response to
that the difference between the voltage at the first
end of the power converter and the voltage at the
second end of the DC/DC conversion circuit is less
than or equal to a fourth voltage threshold, control
the first branch to be connected, wherein the third
voltage threshold is greater than the fourth voltage
threshold.

3. The energy storage apparatus according to claim 1
or 2, wherein the first branch comprises a first switch,
the second branch comprises a second switch, a di-
ode, and a first resistor, and a conduction direction
of the diode is from the power converter to the DC/DC
conversion circuit; the first switch is connected be-
tween the DC/DC conversion circuit and the power
converter, the second switch and the diode are con-
nected in parallel to form a parallel circuit, the parallel
circuit is connected between the DC/DC conversion
circuit and the power converter, and the first resistor
is connected between the parallel circuit and the
DC/DC conversion circuit; and
the controller is configured to: control the first switch
to be turned on or turned off to connect or disconnect
the first branch, and control the second switch to be
turned on or turned off to connect or disconnect the
second branch.

4. The energy storage apparatus according to claim 1
or 3, wherein the controller is further configured to:
in response to that the voltage at the first end of the
power converter is continuously less than a fifth volt-
age threshold in a first time period, control the second
branch to be disconnected.

5. The energy storage apparatus according to any one
of claims 1 to 4, wherein the energy storage appa-
ratus further comprises a voltage detection circuit,
and the voltage detection circuit is configured to de-
tect the voltage at the second end of the DC/DC con-
version circuit and the voltage at the first end of the
power converter, and output a voltage detection re-
sult to the controller.

6. The energy storage apparatus according to claim 1
or 3, wherein after the controller controls the second
branch to be disconnected and the first branch to be
connected, the energy storage apparatus transmits
electric energy to the power converter through the
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first branch.

7. The energy storage apparatus according to claim 2
or 3, wherein after the controller controls the first
branch to be connected, the power converter trans-
mits electric energy to the energy storage apparatus
through the first branch.

8. The energy storage apparatus according to any one
of claims 1 to 7, wherein the energy storage appa-
ratus comprises the power converter, the first end of
the power converter is connected to the second end
of the DC/DC conversion circuit, and the power con-
verter is configured to convert a direct current output
by the DC/DC conversion circuit into an alternating
current, and output the alternating current to a power
grid or an external load.

9. The energy storage apparatus according to claim 8,
wherein the power converter is configured to convert
an alternating current output by the power grid into
a direct current, and output the direct current to the
DC/DC conversion circuit.

10. The energy storage apparatus according to claim 8
or 9, wherein the power converter is configured to
perform boost or buck processing on the direct cur-
rent output by the DC/DC conversion circuit, and
then output the direct current to the external load; or
the power converter is configured to perform boost
or buck processing on a direct current output by an
external power supply, and then output the direct
current to the DC/DC conversion circuit.

11. An energy storage apparatus control method,
wherein
the control method comprises:

obtaining a voltage at a first end of a power con-
verter and a voltage at a second end of a DC/DC
conversion circuit, wherein a battery is connect-
ed to a first end of the DC/DC conversion circuit,
a first branch and a second branch are connect-
ed in parallel between the first end of the power
converter and the second end of the DC/DC con-
version circuit, and impedance of the first branch
is less than that of the second branch;
when a difference between the voltage at the
second end of the DC/DC conversion circuit and
the voltage at the first end of the power converter
is greater than or equal to a first voltage thresh-
old, controlling the second branch to be connect-
ed, so that the battery charges a first capacitor
through the second branch; and
when the difference between the voltage at the
second end of the DC/DC conversion circuit and
the voltage at the first end of the power converter
is less than or equal to a second voltage thresh-

old, controlling the second branch to be discon-
nected and the first branch to be connected,
wherein the first voltage threshold is greater than
the second voltage threshold.

12. The control method according to claim 11, wherein
the control method further comprises:
when the difference between the voltage at the first
end of the power converter and the voltage at the
second end of the DC/DC conversion circuit is less
than or equal to a fourth voltage threshold, controlling
the first branch to be connected.

13. The control method according to claim 11 or 12,
wherein the control method further comprises:
when the voltage at the first end of the power con-
verter is continuously less than a fifth voltage thresh-
old in a first time period, controlling the second
branch to be disconnected.
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